A trial fibrillation (AF) is the most common arrhythmia and is associated with increased risks of stroke, heart failure, dementia, and death. [1] [2] [3] [4] [5] [6] [7] [8] Because the number of elderly individuals will increase over the years to come, the prevalence of AF is predicted to increase dramatically. 9 Symptoms are a major reason that patients with AF seek medical attention. Approximately two thirds of all emergency department visits with a primary diagnosis of AF result in hospital admissions. 10 AF and its related symptoms therefore represent a major therapeutic challenge and burden to healthcare systems. The major goal of AF therapy is to reduce cardiovascular symptoms, morbidity, and mortality. Because the outcome of rate versus rhythm control therapies is similar, 11, 12 the degree of symptoms related to the arrhythmia is a major consideration during the selection of a treatment strategy. Given the cost and potential complications related to medications and ablation techniques used for rhythm control, an accurate evaluation of the symptoms and functional status of patients with AF is crucial.
Despite the fact that AF was described in humans in 1906, 13 no standardized assessment of symptoms or functional status has been accepted as the gold standard. The management of AF stands in marked contrast to heart failure, for which there is a straightforward and widely used symptom scale. Although AF and heart failure often coexist and both may cause similar symptoms, the New York Heart Association functional class was not developed for use in AF per se. The lack of a standardized approach may result in part from the complex clinical decision-making process in patients with AF. Challenges arise because symptoms related to AF are highly variable, not only between patients but also in individual patients at different time points.
The most common symptoms include palpitations, chest pain, and a reduction in exercise tolerance. Yet, Ϸ15% to 30% of patients with AF are asymptomatic. 14 -16 The relation between symptoms or impaired functional status and the onset or recurrences of the arrhythmia is not always obvious. In addition, symptoms and impaired functional status may not be specific for AF because other cardiovascular conditions and risk factors for AF may cause similar symptoms. Furthermore, the magnitude of symptoms and functional status improvement attributable to specific AF therapies varies widely.
The aim of our review is to discuss the symptomatology and functional status of individuals with AF. We highlight current knowledge about the patient's experience of AF, as well as the pathophysiology and prognostic implications of symptoms related to AF. In addition, we provide an overview of the most frequently used tools to assess symptoms and functional status. Finally, we summarize current gaps in the literature on AF symptomatology and underscore important potential research directions.
Review Criteria
Our review was based on the authors' knowledge of the literature and a structured search of the PubMed database (http://www.ncbi.nlm.nih.gov/pubmed/) using the terms "symptoms," "atrial fibrillation," "functional status," "functional capacity," "asymptomatic," "quality of life," "rate," "ablation," "rhythm," and "control," alone or in combination. Further selection was based on abstracts and clinical relevance. When available, we focused on randomized controlled trials; if unavailable, we presented important observational studies. Our review is not intended to be all inclusive; rather, it represents the main studies published on this topic.
Symptoms Related to AF
AF symptomatology has been studied mainly in subjects referred for AF evaluation or treatment and therefore may be overestimated. The French Etude en Activité Libérale de la Fibrillation Auriculaire (ALFA) study reported that patients with paroxysmal AF are more symptomatic than patients with persistent and permanent AF ( Figure 1 ). 14 Patients may experience palpitations, dyspnea, chest pain, dizziness, and, less commonly, syncope or presyncope at some point during the life course of AF. Other, less specific symptoms reported in relation to AF include fatigue and anxiety. In the Euro Heart Survey on Atrial Fibrillation, 69% of AF patients had experienced symptoms related to the arrhythmia at some point since diagnosis. The majority of patients (54%) were asymptomatic at the time of the survey, and the lowest symptom burden was reported in patients with permanent AF (Table 1) . 17 There is substantial intraindividual and interindividual diversity in the type and severity of symptoms. Within an individual, symptoms may fluctuate widely over time. In addition, there is a wide heterogeneity in patterns of AF, precipitants of AF, and therapeutic approaches. There are major gaps in our knowledge about the relations of race and ethnicity, advancing age, sex, and socioeconomic status with AF-related symptoms and functional status.
Future Research
To determine whether AF therapies aimed at reducing symptoms are effective, it is imperative to know the natural history of AF-related symptoms. Research should focus on the incidence and prevalence of AF-related symptoms in different AF subsets, different age ranges, and other races and ethnicities, sexes, socioeconomic status, and hospital-based and community-based settings. The role of other cardiovascular diseases and different patterns of AF (paroxysmal, persistent and permanent AF) in generating symptoms needs to be determined. It is of great importance to know how AF-related symptoms change over time and whether AF therapies reduce AF-related symptoms. New imaging modalities (eg, magnetic resonance imaging, computer tomography, and positron emission tomography) and novel biomarkers (eg, natriuretic peptides) may facilitate the identification of specific AF endophenotypes related to particular AF symptoms. Emerging genomic, epigenomic, transcriptomic, proteomic, and metabolomic data also may increase the discovery of novel tissue-specific biomarkers or genomic markers that may correlate with distinct symptoms.
Mechanisms of AF-Related Symptoms
There is a striking paucity of data on the mechanisms by which AF causes symptoms. 18 The investigation of the mechanistic link between symptoms and AF is complicated by the fact that AF often occurs in the presence of heart failure and valve disease, conditions that may present with 
Table 1. Presence of Symptoms According to Type of Atrial Fibrillation
AF-Related Symptoms* First Detected AF (nϭ978), % similar symptoms. Heart failure is common in AF patients because both conditions share common risk factors such as hypertension, diabetes mellitus, valve disease, and myocardial infarction 19 and because each disorder can predispose to the other condition. Furthermore, systolic and diastolic heart failure and valve disease not only may mimic AF symptoms but also may aggravate AF symptoms and functional status. Symptoms related to AF are likely to be multifactorial as a result of both direct and indirect effects of the arrhythmia (Figure 2 ). At the present time, it is unclear whether symptom patterns are heritable.
Palpitations
A significant proportion of AF patients experience palpitations, defined as an increased perception of the heartbeat. The sensory and mechanistic pathways underlying palpitations have yet to be defined. 20, 21 Interestingly, previous studies have reported that the neural stimuli for palpitations may not originate from the myocardium. Barsky et al 22 demonstrated that despite the absence of cardiac innervation, one third of heart transplant recipients were accurately aware of their resting heartbeat. Further research is necessary to identify afferent neural pathways that transmit sensory information during palpitations.
Chest Pain
Chest pain often occurs during episodes of AF, even in the absence of overt structural heart diseases. 23 Although chest pain may be a nonspecific sensation of abnormal cardiac motion, it may also relate to impaired myocardial perfusion. 24 It is unlikely that impaired myocardial perfusion is due solely to fast ventricular rates during AF because chest pain also is observed in AF patients with slow ventricular rates. 25 Previous studies have shown that coronary vascular resistance is elevated in patients with AF. 26, 27 Other factors such as an irregularity of the ventricular response and an alteration in the sympathetic nervous system activation and renin-angiotensin system also may contribute to the development of chest pain. 24, 26, 27 
Reduced Exercise Capacity, Dyspnea, and Fatigue
More than half of all AF patients experience a reduction in exercise capacity measured by New York Heart Association class. 11 Reduced functional capacity may be a nonspecific symptom or may be due to symptoms such as dyspnea. 28 Exercise performance depends on a number of factors, including cardiac output and oxygen transport, which in turn depend on respiratory function. It has been proposed that during AF cardiac output maybe compromised owing to impaired diastolic filling secondary to rapid ventricular rates. 29 Diastolic dysfunction in AF also may increase leftsided intracardiac pressures and predispose patients to episodes of subclinical pulmonary edema. 30 Interestingly, though, a hemodynamic study of patients in sinus rhythm or after the acute induction of AF demonstrated that the arrhyth- mia was associated with normal or even low intracardiac pressures. 31 Furthermore, structural heart diseases accompanying AF may be an important determinant of reduced exercise capacity. Finally, AF-related stroke may lead to disability and subsequently reduce exercise capacity.
Dyspnea and reduced functional capacity also may be an indirect consequence of AF. Multiple studies have shown that long-term AF may induce left ventricular dysfunction or a tachycardiomyopathy. The loss of atrioventricular synchrony and a rapid ventricular rate are the primary mechanisms thought to adversely affect ventricular function and overall hemodynamic status. 32, 33 However, AF can also predispose to left ventricular dysfunction and tachycardiomyopathy at normal heart rates, presumably as a result of the irregularity of RR intervals. [32] [33] [34] [35] Left ventricular dysfunction and heart failure may cause dyspnea and a reduction in exercise capacity. Conversion to sinus rhythm may improve left ventricular systolic function and reverse tachycardiomyopathy. 36, 37 Adequate rate control, however, may also improve left ventricular systolic dysfunction and AF-related symptoms. 38, 39 Dizziness Dizziness, syncope, and presyncope are relatively uncommon symptoms related to AF. Sympathovagal imbalance may play a role in patients with AF and dizziness. 40 Increased sympathetic and parasympathetic impulses can result in adverse hemodynamic effects; thus, predicting the specific effects of these impulses during AF is challenging. 18 Other potential mechanisms of dizziness or syncope include sinus node dysfunction with pauses on conversion of AF to sinus rhythm or rapid ventricular rates in patients with underlying conditions such as hypertrophic cardiomyopathy, valvular stenosis, or an accessory pathway. 41 In the absence of underlying cardiac conditions or a bypass tract, AF is unlikely to cause significant adverse hemodynamic effects. 31
Future Research
An in-depth understanding of pathophysiological mechanisms underlying AF symptomatology is likely to enhance our ability to define more clearly the relation between symptoms and arrhythmia. Although it is difficult to dissect whether symptoms are caused by AF itself or by other cardiac diseases, well-designed studies including individuals with various types of AF that are stratified or adjusted for age, sex, race, socioeconomic status, pattern of AF, and medication use are warranted. The role of other cardiovascular diseases and different patterns of AF (paroxysmal, persistent and permanent AF) in generating symptoms needs to be determined. Emerging research in the fields of atrial imaging, biomarkers, and genomics of AF may elucidate pathophysiological mechanisms underlying AF-related symptoms.
Symptoms and Documentation of AF
In patients with AF, it often remains unclear why some patients are asymptomatic and others are severely symptomatic. Both somatic and psychological factors 20 are likely to contribute to the complex relation between symptoms and arrhythmia. [42] [43] [44] A subanalysis of the Atrial Fibrillation Follow-Up Investigation of Rhythm Management (AFFIRM) trial reported that patients with asymptomatic AF have less severe cardiac disease. 15 Approximately 15% to 30% of patients with AF are asymptomatic. 14 -16 Asymptomatic AF is often discovered incidentally, eg, during population surveys or when patients undergo routine physical examinations. In Ϸ15% to 25% of patients with AF, stroke is the initial presenting sign of AF. 45, 46 Similarly, data from patients with implantable pacemakers or defibrillators revealed that high percentages (up to 70%) of paroxysms of AF are asymptomatic. 26, [47] [48] [49] [50] Thus, the simple awareness of symptoms is not a good discriminator of the presence or absence or of the severity of the arrhythmia.
In patients with persistent AF, particularly elderly patients, symptoms decrease or may even disappear with longer durations of the arrhythmia, and AF may become permanent. 14, 15, 41 Conversely, the presence of symptoms may prompt the clinician to interrupt the progression from persistent to permanent AF by more vigorous pursuit of rhythm control strategies. Symptoms also may abate when patients are started on pharmacological therapy, in some cases despite the persistence of arrhythmia. 51, 52 For instance, the Suppression of Paroxysmal Atrial Tachyarrhythmias (SOPAT) trial reported an inverse correlation between symptoms and use of antiarrhythmics and a direct correlation between symptoms and high ventricular rates. 53 The discordance between symptoms and the presence of AF is of particular relevance because, as mentioned previously, recurrence of symptomatic AF is currently used to evaluate the success of pulmonary vein ablation therapy. 54 -59 Not surprisingly, several reports demonstrated an underestimation of the recurrence rate of the arrhythmia and an overestimation of the success rate of pulmonary vein ablation because a high proportion of recurrences of AF are asymptomatic. 60, 61 
Future Research
Although it is known that there is a weak association between AF-related symptoms and the actual rhythm, little is known about influencing factors. Taking advantage of the implantable cardiac rhythm recorders such as implantable pacemakers, defibrillators, and loop recorders, we can study the longitudinal history of symptoms in the same individual and determine why some episodes of AF are symptomatic and others are asymptomatic. Information on the influence of AF therapies or daily activities on specific symptoms on the transition from symptomatic to asymptomatic AF is within reach. Furthermore, current interest in the heritability and genetics of AF offers an opportunity to study whether the presence or absence of AF-related symptoms is heritable.
AF-Related Symptoms Systematic Measures
In an attempt to provide a more objective assessment of symptoms and a more accurate measure of response to therapy, a number of questionnaires have been developed for patients with AF (summarized in Table 2 ). The majority of such questionnaires have been developed for research purposes. The most widely used symptom-scoring systems are the Symptom Checklist-Frequency and Severity Scale (developed specifically for cardiac arrhythmias by Bubien et al and modified by Jenkins) 65 and the University of Toronto Atrial Fibrillation Severity Scale. 66, 67 Published validation data for the AF specific scales are sparse. Whether the reproducibility of the symptoms measures is sufficient and whether the symptom measures are generalizable to all AF subjects are unknown.
A panel of experts of the European Heart Rhythm Association proposed a novel AF-related classification based exclusively on patient-reported symptoms and impact on normal daily activities. 73 Although not yet validated, it has been recommended in the recent European Society of Cardiology guidelines. 74 The development and clinical use of scoring systems for AF-related symptoms is challenging for a number of reasons. First, there is a weak correlation between symptoms and arrhythmia. Second, systematic measures of both symptoms and functional capacity are strongly influenced by age, sex, race, socioeconomic situation, and concomitant cardiovascular conditions. 75, 76 Finally, the relations of symptoms to meaningful outcomes and prognosis have not been well examined. 76 A number of potential solutions have been suggested, including combining existing AFrelated symptoms measures with more generalized qualityof-life measures 76, 77 and developing shorter, more specific scales that focus on symptoms related to AF. 57,78 -80 Recently, a novel questionnaire (Atrial Fibrillation Effect on Quality-of-Life) has been developed and validated by a broad range of researchers involved in the development of the previous symptom measures. 81 The 20-item Atrial Fibrillation Effect on Quality-of-Life measure consists of a 4-item symptoms score, an 8-item daily activities score, a 6-item treatment concerns score, and a 2-item treatment satisfaction scale. The Atrial Fibrillation Effect on Quality-of-Life score combines symptoms, functional status, and quality of life in 1 measure. The score has been shown to be valid, reliable, and responsive to clinical change. It represents an important step forward, although the tool will require further testing to assess whether it overcomes the limitations of the other AF-related symptom measures. 
Future Research
As Coyne et al 80 suggested in 2005, for health-outcome quality-of-life measures in AF, more research is warranted to increase the validity, reproducibility, test-retest reliability, accuracy of day-to-day variability, and generalizability of the AF symptom measures. Most measures were developed and tested in specific hospital-based cohorts or randomized trials; the validity in other settings is unknown and needs more study. Furthermore, most measures have not been widely validated in different age groups, races, and ethnicities or in socioeconomic backgrounds. Whether these symptom scores have specificity for AF-related symptoms versus symptoms caused by other cardiac diseases is largely unknown. To increase the comparability of trials using symptoms as outcome measures, a consensus will need to emerge among investigators and clinicians on which measures to use rather than new measures being developed for each specific purpose. Finally, integrating these measures into the management of AF will be critical.
Functional Status Systematic Measures
As discussed previously, in a significant proportion of AF patients, a reduction in exercise tolerance is the major presenting symptom. Previous studies have reported that in many AF patients, the reduction in exercise tolerance is on the order of 15% to 20%. 28 It is therefore of clinical interest to measure functional status in patients with AF both as a means of measuring symptom burden and as an outcome measure for therapeutic interventions. 82 Similar to measures of AF-related symptoms, multiple tests are available for measuring functional status in AF, each of which has specific limitations (summarized in Table I in the online-only Data Supplement). 83 The most commonly used subjective measures are the New York Heart Association classification, Canadian Cardiovascular Society classification, Duke Activity Scale Index, and Goldman Specific Activity Scale. More objective measures include the 6-minute walk test or an exercise stress test. 83 Importantly, the published measures have not been specifically designed or validated in patients with AF.
A review of the literature indicates that different studies have variably used terms such as functional performance, functional capacity, level of impairment, quality-of-life health status, physical functioning, and activities of daily living to describe an individual's functional status. 83 Although many times these measures are used interchangeably, there are some subtle differences between the terminologies used to describe functional status. For instance, functional performance refers to the ability to perform day-to-day activities, specifically "to meet basic needs, fulfill usual roles, and maintain the health and well-being." 83 In contrast, functional capacity refers to an individual's maximum potential to carry out activities of daily living or self-care. Whereas the New York Heart Association classification, Canadian Cardiovascular Society Classification, and Goldman Specific Activity Scale are measures of functional performance, the Duke Activity Scale Index, the 6-minute walk, and exercise stress testing are measures of functional capacity.
The use of a variety of measures makes comparison of outcomes from different studies describing relations between functional status and AF difficult. Each of the functional status measures has specific characteristics in terms of sensitivity, discrimination, scaling, reliability, validity, and applicability. The lack of consistency between studies has led to challenges in interpreting study results and making comparisons between studies.
Although functional status measures have been of value for research purposes to quantify the functional limitation in patients with AF, they are associated with some major drawbacks. There is no clearly defined relation between AF and functional capacity. Plus, not much is known about confounding by age, sex, race, socioeconomic background, other cardiac diseases, and medication use. 83 As a result, the use of functional capacity as the sole outcome measure of AF therapies may be insufficient. In addition, some functional measures are associated with specific limitations; eg, exercise tests and walk tests may not be possible in elderly patients or patients with disabilities.
Future Research
Considerations on the validity, reproducibility, and generalizability of the instruments also are applicable to the functional status assessments in AF. Most measures were not developed specifically for AF, so investigating the value of functional measures in AF patients will be essential.
Impact of Therapies on AF-Related Symptoms
Trials that have investigated the relation of therapeutic interventions with symptom burden and functional status are summarized in Table II in the online-only Data Supplement.
Pharmacological Rate and Rhythm Control Therapies
Large randomized trials have demonstrated that a rate control strategy was noninferior to a rhythm control strategy in terms of cardiovascular morbidity and mortality. In the majority of trials that directly compared the 2 treatment strategies, neither strategy was superior for improving AF-related symptoms. 11,12,78,84 -86 It should be noted that severely symptomatic patients were not included in the large rate versus rhythm control trials. The effect of the treatment strategy on functional status in these trials was less clear and in some cases depended on the specific tool used to measure functional capacity. For instance, whereas improvements in exercise tolerance were reported in the rhythm control arm using objective measures such as a 6-minute walk test and treadmill exercise test, 78,85,87 the results were not consistent when qualitative measures such as New York Heart Association and Canadian Cardiovascular Society classifications were used. 78, 84, 85, 87 Of note, the reported improvements in functional class were relatively modest. Interestingly, the presence of other cardiovascular conditions appeared to have a greater impact than AF per se in these trials. 87, 88 A number of substudies of rate versus rhythm control trials and a recently published randomized trial also investigated the relations between the achieved heart rate and symptoms in the rate control arm. 89 -91 The rate control studies reported no relation between heart rate and symptoms or functional status.
Multiple small, nonrandomized studies have shown that rhythm control therapy with cardioversion results in an improvement in exercise capacity, typically within the range of 10% to 20%. 28, 37, 92, 93 Two trials compared different pharmacological rhythm control agents and found that restoration and maintenance of sinus rhythm were associated with improvements in both symptoms and functional status. 94, 95 However, once again, the magnitude of difference in these studies was modest; 15% to 20% relative changes in Symptom Checklist scores were seen. 76 Another trial compared different amiodarone regimes and found no improvement in symptoms with either treatment strategy. 96 Not surprisingly, the greatest improvement in symptom reduction and functional status, if any, was seen in those with the most severe symptoms and worst functional status at baseline.
Nonpharmacological Rate Control Therapies
In selected patients with severely symptomatic AF and uncontrollable heart rates despite antiarrhythmic drug therapy, atrioventricular node ablation with permanent pacemaker implantation may be an effective alternative. Many, mostly nonrandomized, studies have addressed the impact of this treatment strategy on symptoms related to AF and quality of life. 97 In 2 studies, atrioventricular node ablation and pacemaker implantation were associated with a reduction in symptom scores of 18% to 30%. 98, 99 Functional capacity was measured in one of the trials and did not significantly improve in the treatment arm. In a meta-analysis including 21 studies with a total of 1181 patients, both symptoms and functional status (measured with a variety of scales and scores) improved after ablation and pacing therapy. 97 An alternative rate control approach, which has been used only in research settings, is to implant a permanent pacemaker with ventricular response pacing algorithms in patients with intact atrioventricular node conduction. 100 The ventricular response pacing algorithm is designed to promote regularity of the ventricular rate while ensuring that the mean ventricular rate does not increase. However, in a small crossover study of 45 patients, ventricular response pacing reduced the severity of AF-related symptoms but did not improve functional status (Duke Activity Status Index and 6-minute walk test). 100
Nonpharmacological Rhythm Control Therapies
Alternatives for pharmacological rhythm control for the treatment of AF include maze surgery and pulmonary vein isolation (PVI) for AF. The use of maze surgery to treat isolated AF has decreased dramatically, mainly because of the emergence of less invasive alternatives. Several small series have shown the efficacy of the maze procedure; however, data on symptom reduction and functional status improvement are sparse. 101, 102 Multiple, mostly nonrandomized, PVI studies have reported an improvement in symptoms (measured with the Symptom Checklist or a derived score based on the Symptom Checklist). 76 A few small randomized controlled trails have compared PVI with other treatment strategies. 103 In 2 randomized multicenter studies (nϭ112 and nϭ167, respectively) of patients with paroxysmal AF who failed on 1 antiarrhythmic drug, 59, 104 PVI was reported to be superior to antiarrhythmic drugs in terms of both short and intermediate maintenance of sinus rhythm and improvement in symptoms and functional status (as measured by the Symptom Checklist and an exercise test, respectively). In a trial of heart failure patients comparing PVI with atrioventricular node ablation and biventricular pacemaker implantation, PVI was reported to be superior in terms of functional status measured by 6-minute walk distance after 6 months. 105 It is difficult to compare results of PVI studies and results of pharmacological rhythm control studies because of differences in patient characteristics. However, it is likely that in the subset of patients with paroxysmal AF with a high symptom burden, PVI is more effective than pharmacological rhythm control in terms of short-to intermediate-term symptom alleviation, 59 even allowing for ascertainment bias from blended evaluation. 106 
Exercise Training and Impact on AF-Related Symptoms
Interestingly, in a few studies, an exercise-training program improved the symptoms (Symptom Checklist) and functional status (exercise test) of AF patients. [107] [108] [109] A specific exercise training program might be an interesting treatment approach for AF, although more research is needed to support this therapy.
Future Research
A more uniform and standardized approach to measure AF-related symptoms and functional status is of vital importance to the field. Another important area of inquiry involves the relation of symptom and functional status scores to study end points and prognosis. Randomized clinical trials specifically aiming to reduce AF-related symptoms and functional status are needed. In addition, prospective evaluation of AF-related symptoms and functional status and the use of specific therapies to reduce symptom burden are essential. Finally, the effects of AF-related symptoms and functional status on healthcare use and costs require further study.
Future Research Opportunities
In Table 3 , we summarize potential future research topics detailed after each section to clarify the relation between AF and symptoms. To address these needs, we advocate a multipronged cross-disciplinary and translational research program capitalizing on experimental, observational databases and randomized controlled trials. The main opportunities for future research are (1) to determine the variation in AF-related symptoms by patient demographics, comorbid conditions, therapies, and AF subtype; (2) to determine pathophysiological mechanisms underlying AF-related symptoms; (3) to describe the temporal relations between the presence and absence of AF-related symptoms; (4) to enhance the validity, reproducibility, and generalizability of the AF-related symptoms and functional status measures; (5) to standardize the methods of measuring AF-related symptoms in both clinical trials and clinical practice to enhance the interpretability and comparability of AF trials; and (6) to determine whether AF-related symptom and functional status measures are related to meaningful health outcomes, healthcare use, and costs of care.
Conclusions
Although there are still multiple unanswered questions about the mechanisms of symptoms and functional status in AF and the impact of other cardiac diseases and AF therapies, the symptom burden associated with AF is a major consideration when deciding on the treatment strategy. According to the available literature, AF therapies are only moderately effective in relieving symptoms and improving functional status. With the emergence of ablation techniques as a treatment for AF, more accurate assessment of symptom burden and functional status is increasingly important. More systematic research is urgently warranted to answer the many unresolved questions concerning the relation between symptoms and AF. 
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